Abstract-Image from satellite is an example of remote sensing data. However, when the resolution of the available satellite image is too coarse and does not meet the required resolution, a process known as image re-sampling need to be employed, so a higher resolution version of the image could be obtained. Image re-sampling may involve interpolation, which is a process of allocating intensity value into a new generated pixel. Yet, interpolation method usually degrades the image quality. In this paper, five basic interpolation methods have been successfully implemented. These interpolation methods are nearest neighbor interpolation, bilinear interpolation, interpolation with smoothing filter, interpolation with sharpening filter, and interpolation with unsharp masking. The aim of this project is to find interpolation method that is suitable for remote sensing data. The method of our interest is the method that is easy to be implemented, but can preserve the quality of the data in term of sharpness and validness of the information. Based on the results, it is shown that all five interpolation methods tested in this research can produce good quality output when the resolution of input image is high. For low resolution input, only bilinear, smoothing filter and unsharp masking can preserve the quality of the image. However, this is only limited for interpolation with magnification factor less than 5. Bilinear, smoothing filter and unsharp masking are suitable to interpolate remote sensing data if the resolution of the input image is high enough.
I. INTRODUCTION
emote sensing is the science of getting the information of the Earth's surface without being in contact with it. All of this is done by sensing and recording reflected or emitted energy and processing, analyzing, and applying the information we collected [1] . Satellite is one of the common equipments in remote sensing field. The data or images collected from satellite need to be processed in order to obtain more information.
Some of the satellite images are limited in resolution. Therefore, in order to get better resolution, a process known as interpolation is needed. Image interpolation is a process of allocating the new pixel value in the new pixel position. It is applied when the image need to be resized or remapped from one pixel grid to another [2] .
So, this project investigates five basic interpolation algorithms that are suitable for remote sensing data. The method of our interest is the method that can preserve the quality of the data in term of sharpness, and validness of the information.
II. METHODOLOGY

A. Nearest Neighbor Interpolation
Nearest neighbor is the most basic zooming technique and requires the least processing time of all the interpolation algorithms. This technique only considers the closest pixel to the interpolated point. The color of a pixel in the new image is assigned to the color of the nearest pixel in the original image. Thus, it has the effect of making each pixel appears bigger.
Nearest neighbor chooses the same color value for neighboring pixels in an enlarged image as the original input color. Therefore, if the center of hypothetical 3 by 3 pixel painting is 50% black, and we enlarge the painting 200% through nearest neighbor interpolation, the center of the painting would contain 4 pixels that are 50% black. Fig. 1 shows the original image has been enlarged with magnification factor 2 [3] . 
B. Bilinear Interpolation
Bilinear interpolation gets its destination color pixel from the top, left, right and bottom of its original position. These color readings of neighboring pixels are added together, and divided by four. The resulting color is applied to the new pixels in the image [2] . Fig. 2 shows how bilinear interpolation finds new color information in 3 by 3 pixel image. Bilinear interpolation produces anti-aliased pixels within the new, enlarged image.
Investigation on Several Basic Interpolation Methods for the Use in
Remote Sensing Application The resulting new pixels should present blends or percentages, of neighboring pixels [3] . Below is the equation of bilinear interpolation. The term bilinear refers to the performing of interpolations in two dimensions, which are in horizontal and vertical directions. The top and bottom pairs of each pixel quadrant are first averaged in horizontal direction and then their results are averaged in vertical direction.
C. Interpolation with Smoothing Filter
Smoothing filter is also referred as low pass filter. This filter usually used for noise reduction or to blur the image. Smoothing filter produces an average of the pixels contained in the spanned area by the filter mask. This process produces an image with enhancement of blurring transition in gray levels [4] . Fig. 3 shows the block diagram of smoothing filter algorithm that we implement in this interpolation project. The input source, which is the response of bilinear interpolation, is convolved with a low pass filter mask to obtain the output. 
D. Interpolation with Sharpening Filter
Sharpening filter also referred to high pass filter. This filter usually used in order to enhance details that have been blurred or to highlight fine details in an image. Sharpening filter produced a sharp image by enhancing the edge of the image [4] . However, this filter has some undesirable side effect, which is the sharpening algorithm also causes aliasing in the output image. Fig. 4 shows the block diagram of sharpening filter algorithm implemented in our project. The input source which is the response of bilinear interpolation, is convolved with a high pass filter mask (i.e. the Laplacian mask), produces a Laplacian filtered image. This Laplacian filtered image is then added back to the bilinear image, using simple summation, to produce a sharper image. 
E. Interpolation with Unsharp Masking
Unsharp masking is a process to sharpen images by subtracting a blurred version of an image from the image itself, which is expressed as
where f(x,y) is the sharpened image, h(x,y) is a blurred version of g(x,y) [4] . Fig. 5 shows the block diagram of unsharp masking algorithm. The input source which is the response of bilinear interpolation, is convolved with a low pass filter mask, and produces a Laplacian filtered image. The Laplacian filtered image is then subtracted by the bilinear image. Finally, the result of subtraction will then add up with the bilinear image to produce a sharper image. 
III. RESULT
A. Testing Data
The first testing data used in this project is taken from Google Earth. The location selected is the Penang Island, Malaysia (5°21'36.58" N, 100°18'46.89" E). This location involves a variety of land usage, including residential areas, field, Penang bridge, and sea. This is shown in Fig. 6 . The image is converted to grayscale (8-bits per pixel), and saved into portable grayscale format (PGM). Two subimages will be selected from Fig. 7 , which indicated by two rectangles with the label of a, and b. These individual areas are shown in Fig. 7 . Fig. 7(a) is a subimage of size 312 × 232, selected at position 5°21'49.07" N, 100°18'28.82" E, and Fig. 7(b) is a subimage of size 355 × 236, selected at position 5°21'32.47" N, 100°18'58.14" E. These two subimages present two different characteristic of the original image. Fig. 7(a) , which is a residential area, is more dominated by higher frequency components because there are many rapid changes of gray level in the image, while Fig. 7(b) , which shows a field and sea, is dominated by lower frequency components because gray level in the image change slowly. This fact is supported by the Fourier spectrum shown in We also tested our algorithm with images obtained from several satellites. Because the original data of these images are multi-bands (ranging from 3-bands to 6-bands), we only use the image obtained using principle component analysis (PCA). These PCA images are created using ENCI 4.3 Figure 9 shows PCA image of the area of Cameron Highland, Malaysia taken from LANDSAT 5 TM satellite, with resolution of 30m per pixel. The original image is a 6-bands image. The size of the image is 3738 × 3469 pixels. 
B. Evaluation Method
Fig. 12. Original image f(x,y) is down-sampled to create the test image g(x,y). Then, g(x,y) is interpolated to obtain the output image h(x,y).
For evaluation purpose, first, we take the original image, f(x,y) of size M×N and down-sample it with an arbitrary factor α to create the testing image, g(x,y). The dimension of g(x,y) is smaller than f(x,y). Image g(x,y) is then up-sampled using interpolation method with enlargement factor α. After this interpolation process, the resultant image, h(x,y) is compared with the original image, as shown in Fig. 12 .
The comparison is done by mean square error (MSE) which every individual pixel in original image is subtracted from the corresponding pixel of interpolated image. Then the result of the subtraction is multiplied with power of 2. Finally, all the multiplied values are sum up and divided by total of pixels. The equation of MSE is shown as follow:
where f(x,y) is the intensity of pixel from original image, h(x,y) is the intensity of pixel from interpolated pixel, M is number of column from the image and N is number of row from the image. 
C. Quality Measure
D. Discussion
In this project, low mean square error (MSE) is desired. This is because a lower MSE means the quality of the interpolated image is close to the quality of the original image. On the other hand, high MSE value means that the interpolated image is very different from the original image. The MSE values for each test images are shown in Table I to  Table VI Based on these tables, we can see that bilinear interpolation, interpolation with smoothing filter and interpolation with unsharp masking have lower MSE values. This means that the outputs produced from these methods have better quality compared with the one produced from nearest neighbor, or interpolation with sharpening filter. For magnification factor of 3 and 5, bilinear, smoothing filter and unsharp masking produce an acceptable output of interpolated image. On the other hand, these three interpolation algorithms produce a blur interpolated image for magnification factor of 8 and 10. These are because the input images for magnification factor 8 and 10 have very low resolution, which mean that these three interpolation algorithms have to interpolate the input images to a larger image with low resources. This is shown in Fig. 13 .
The lowest quality among the five interpolation methods tested here is the nearest neighbor. From the observation of Table I to Table VI , nearest neighbor is suitable for low magnification level only and it gives high MSE values if the magnification is high. This is because this algorithm only repeats the pixels from the original image. For higher magnification factor, the interpolated image will show higher aliasing level. So, this will degrade the quality of the output image if the magnification factor gets higher. This is shown in Fig. 14 . Secondly, compare Table II with Table III . It is shown all methods implemented in this project, perform better to low frequency images, compared with high frequency images. This is because subimage (b), which is dominated by lower frequency components, has MSE value about 50% lower than subimage (a), which is dominated by higher frequency components. The image which is dominated by lower frequency components is easier to interpolate because the gray level in the image change slowly. On the other hand, the rapid changes of gray level in the image which is dominated by higher frequency components, makes the interpolation process harder.
Lastly, from Table I to Table VI , for magnification factor of 3 and 8, we can see that all interpolation methods tested in this project can produce a better quality output image if the resolution of the input image used for interpolation is higher.
With higher resolution of input image, it means that the interpolation process has more resources to interpolate the image. Thus, the output image has better quality if compare with output image from low resolution of input image.
IV. CONCLUSION
In this project, we interpolated a down-sampled low resolution images to obtain higher resolution images. There are five interpolation methods have been studied in total. The results shows that bilinear interpolation, interpolation with smoothing filter, and interpolation with unsharp masking, have potential to be used to interpolate remote sensing data.
The result also shows that all the five interpolation methods implemented in this project, can produce a better quality of output image if the resolution of input image is higher. For low resolution input image, only bilinear, smoothing filter and unsharp masking can preserve the quality of the image for interpolation with magnification factor less than 5. Bilinear, smoothing filter and unsharp masking are suitable to interpolate remote sensing data if the resolution of the input image is high enough.
